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ABSTRACT 

The jet pump is a device in which a high energy stream 
of fluid is used to impel a lower energy stream to a 
higher total pressure. The high energy stream may be 
heated to reduce the mechanical power requirements. A jet 
pump involves no movii'z parts and is a Simple, reliable, 
light weight device to power a circulation control system 
on an aircraft. 

This study was undertaken to determine the optimun 
performance of the heated jet pump for blowing boundary 
layer applications. In order to assess the effect of 
heating the impelling jet stream, it was necessary to 
develop expressions which define significant parameters. 
These are presented as dimensionless coefficients which 
express momentum per unit area, jet air compressor power 
vs momentum, and jet air heat energy vs momentum. These 
coefficients are advanced as useful in the study of heated 
jet pump performance. 

Constant pressure and constant area ideal mixing 
processes are analyzed, assuming air to be @ perfect 
compressible non viscous fluid. A parametric study is 
made by digital computer. The effectiveness of heating 
the impelling jet air is established and the results 
present families of heated jet pumps with their optimum 


performance limits. 
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ifemelntroductiion., 

The jet pump is a simple and reliable device for 
pumping fluids. Operation depends on viscous shear between 
a fluid which is being pumped and the faster moving pumping 
fimid. ~ The simphicity, light weight and reliability of a 
jet pump make it a most attractive device to use in 
conjunction with a circulation control system on an 
airplane. The earliest reported use for this purpose was 
by Arado /i/ in 1941. Subsequent work has been done by 
Wagner /1, 2/ and Helmbold /3/. 

Many engineering devices are compared with some 
idealized device in order to evaluate their performance. 
This study was undertaken to determine the optimum 
performance of the heated jet pump for blowing circulation 
control on an aircraft. It was not immediately apparent 
which of the many parameters involved were significant to 
a systematic study of the performance. However, the 
physical cross section area of an installation was 
considered important. The momentum developed is basic for 
use as a boundary layer control pump, so the momentum per 
unit area was accordingly considered one of the significant 
parameters. The solution was arranged so that this can be 
Specified. Other parameters were chosen so that systematic 
measurable variations could be made. These were the 
pressure and temperature ratios of the air for the jet, and 
the velocity of the induced air as it commenced the mixing 


process. With these parameters specified, the solution of 





@ constant pressure mixing process is explicit by 
satisfying the laws of continuity, momentum and energy. 
The various area ratios, mass flow ratios, etc., are hence 
available and oi interest, but do not actually define the 
performance of the jet pump. It was necessary to develop 
relationships which consider the amount of mechanical 
power and the amount of heat provided to the jet air, and 
then relate these to a significant parameters; the discharge 
momentum of the jet pump. These expressions for compressor 
power and heat energy compared with momentum permit direct 
comparison between different jet pumps as the input 
parameters are varied, The constant area case did not 
yield an explicit solution, It is solved by iteration and 
arranged so that comparison with the constant pressure 
process is possible. Typical constant pressure and 
constant area heated jet pump configurations, with their 
related enthalpy/entropy diagrams, are shown in Figures ji 
amd 2. 

The writer wishes to express his appreciation for the 
assistance, guidance and encouragement given him by 
Professor Theodore H. Gawain, of the United States Naval 


Postgraduate School, Monterey, California. 








2, Definition of performance coefficients. 
a. The Momentum Area Coefficient. 

A jet pump for use in a circulation control system 
must be able to produce a required momentum. fThis 
involves the product of the mass of air handled per unit 
time and the velocity at which it is delivered. Ideally, 
one would like to keep the installation as compact as 
possible, so it was found necessary to develop expressions 
which describe momentum per unit area. Accordingly, the 
Momentum Area Coefficient, OMA, is defined. Basically, 
this is the ratio of the momentum of the jet pump discharge 


at station five compared with a suitable reference area, 


cma — Mass flow rate x velocity at discharge 
~ Reference area x dimensional constants 


The reference area Selected is station six (A6), which is 
the hypothetical area necessary to pass the discharge from 
the jet pump at sonic velocity. In order to express the 
above in coefficient form, dimensional constants are 
arbitrarily chosen as those of ambient air at sonic velocity, 
hence, are invariant with respect to the problem. In its 
Simplest form CMA is : 
CMS = maa Veg 

| 6 ' 
It will be shown that this coefficient is a function of the 
total pressure ratio through the pump, and is not affected 
by any heat added to the system. This fact is exceedingly 
useful since it is possible to specify an entire family of 





jet pumps, each providing equal momentum output per unit 
area despite substantial difference in the details of 
operation. Figure 3 shows the relationship between 
PT5Pi and CMA. 

b. The Compressor Power Coefficient. 

The mechanical power delivered to the impelling jet 
air is of prime interest to this study. Itis necessary to 
compare this power to some significant parameter of the jet 
pump in order to assess the effectiveness of any particular 
configuration. The mechanical power is assumed to be in 
the form of an isentropic compression of the jet air to the 
total pressure specified. This is basically the product of 
the mass handled per unit time, and the increase in enthalpy 
per unit mass. The reference parameter selected is the 
discharge momentum of the jet pump. The Compressor Power 
Coefficient is accordingly defined as 

CPM = [deal compressor power supplied x dimensional 
Jet pump discharge momentum constants. 
In order to place in coefficient form, the dimensional 
constants include Joules equivalent and ambient air 


relationships. Expressed in its simplest forn, 


CPM COTS See XY 39 
—— > * 
Fs Ae Ve OL; 
This coefficient is considered extremely useful, inasmuch 
aS it considers all necessary aspects of configuration and 


operation to present a number which shows mechanical power 





supplied vs momentum delivered. 
ec, The Heat Coefficient, 

The amount of heat supplied to (or removed from) 
the jet air must be defined and related to a significant 
parameter. This heat added does not consider the energy 
provided the jet air in the isentropic compreSsion, since 
this is taken into account in the Compressor Power 
Coefficient. It is simply the mass of jet air handled per 
unit time multiplied by the heat added per unit mass, 

“The case of heat being removed corresponds to that 
of air being compressed and then placed in storage, where 
it cools to ambient conditions. The Significant compara= 
tive parameter is again taken to be the discharge momentum 
of the jet pump, so the Heat Coefficient, CQM, is 

caM = Heat added tc jet air. X Dimensional 

Jet pump discharge momentum constants. 


The dimensional constants are as in the previous case, so 


com —_ & Le 
® Sorts Vi OL | 


5 
This coefficient is also considered extremely useful and 
rather similar to the previous expression. It too, 
considers all aspects of configuration and operation, and 
Simply presents a number showing the heat energy Supplied 


to the jet air vs the momentum discharge of the jet pump. 





4%. Development. 

The coefficients and jet pump solutions Were developed 
using the ordinary relationships for perfect compressible 
fluids, except that the reference velocity ratio used is 
the star Mach, Mo*, which is akin to, but Somewhat 
different from Mach number. The many details of dévelop- 
ment are presented as Appendix I. 

The parameters were selected to permit 4 systematic 
process of variation. With prime interest in developing 
families of jet pumps producing the same moméntum per unit 
area, OMA was a logical first choice as a parameter. The 
comparisons desired within these families are compressor 
power and heat energy trade-offs, indicated by CPM and CQM. 
The jet total pressure and temperature ratios are directly 
involved in these coefficients, so were made parameters. 
The final parameter required to permit solution was the 
induced flow velocity ratio, Mo*. 

The usual isentropic relationships were employed to 
soive for conditions up to the point where the jet and 
induced air commenced mixing. The mass flow ratio and 
corresponding area ratio were unknown, but were explicit in 
the constant pressure case. The solution was completed by 
using the equations of continuity, momentum and energy in 
the ideal mixing process. Since the total pressure of 
discharge, PT5P1, was specified, and the pressure at 
completion of mixing was known, all details of the constant 


pressure jet pump were available. The constant area jet 





pump did not yield an explicit solution, so it was 
necessary to arrange the solution for iteration. A trial 
value of jet to mixing area ratio (A243) was specified. 
This fixed the mass flow ratio, and by the solution of the 
equations of continuity, momentum and energy, the total 
pressure ratio, PT4P1, was known, This was compared with 
the total pressure ratio, PT5Pi1, demanded and the area 
ratio was adjusted until PT4Pi was equal to PT5Pi. This 
made the static pressure at completion of mixing availatle 
and the solution was completed using isentropic relation-= 
ships. 

The constant pressure and constant area solutions were 
set up for computation by digital computer (Control Data 
Corporation 1604) utilizing Fortran expressions, The 
computer programs and results are presented as Appendix II. 
4, Discussion. 

The computer programs and results for constant pressure 
and constant area jet pumps are presented in Appendix II. 
Hach line details information on a particular jet pump with 
change of parameters as follows: Induced flow velocity, 
Mo*, changes on each line. Jet total pressure ratio, POPI!, 
changes on each block of ten lines. Jet total temperature 
ratio, TOT1, changes for each page, Momentum Area 
Coefficient, CMA, changes for each set of five pages. The 
constant pressure and constant area results are arranged in 
a similar manner so direct comparison is possible. 


It might be noted in the constant area case that higher 





values of M,* are not present under certain conditions. 
This is a result of choking, which is indicated by the 
Solution becoming imaginary. All possible jet pumps are 
accepted; with no arbitrary limits on parameters, 

The area ratios, mass flow ratios, etc., are all of 
interest, but they are only responding to the parameters 
imposed, and do not directly indicate the performance of 
the jet pump. MThe most significant result is considered to 
be the Compressor Power Coefficient, CPM, and the Heat 
Coefficient, CQM, as listed for each jet pump. These two 
coefficients take into account the multiplicity of details 
of operation and configuration, and Simply present two 
numbers, one which indicates the compressor power required, 
the other, the heat energy required to provide the demanded 
Momentum Area Coefficient. Minimums of CPM and CQM 
represent optimal conditions. These coefficients permit 
a Straightforward presentation of the effect of change of 
parameters. The most interesting result is the manner in 
Which compressor power and heat energy requirements gre 
affected by changes in jet pressure and temperature ratios. 
These relationships are presented on graphs, Figures af 
through 9, of CPM vs CQM, where variations in POPi and TOT! 
determine a "carpet" of constant temperature and pressure 
lines. The Momentum Area Coefficient is assumed fixed on 
each graph. It would be possible to make one of these 
Plots for each value of Mo*, but it is desired to present 


an envelope of optimum jet pumps, so the lowest value of 





CPM and CQM in each block of ten jet pumps is plotted 
regardless of M,*. (In order to provide smoother curves, 
more values of M,* were used than are listed in Appendix IT) 
In the constant area case, this optimum occurs at the 
highest possible Mo*. Figure 10 of CPM vs CQM for POP! and 
Mo* variation, shows this relationship for 4 typical page. 
The heated constant pressure jet pumps achieve their 
optimums at varying Mo*. This is shown by Figure il, which 
is a typical constant pressure heated jet pume graph of 
CPM vs CQM for POP! and Mo* parameters, It can be seen 
that the optimum M,* is not necessarily the highest M.*. 
The complexity of the relationships make it difficult to 
pose a reason for this interesting result. Whenever 
"optimum jet pump” is referred to below it will mean the 
one achieving the lowest CPM and CQM in a block where only 
Mo* is varied. Figures 4 through 6 are constant pressure, 
and Figures 7 through 9 are constant area optimum jet pumps. 
These figures show the manner in which the compressor 
power requirements are reduced by heating the jet air. 
The cold jet (TOTi = 1.0) can be observed to require the 
greatest mechanical power. The ordinate, where CPM = 0, is 
a case in which the air is compressed, but net heated or 
cooled. The highest temperature shown is for 4 ratio of 
TOTi = 5.0, where the compressor power requirements are 
substantially reduced. The constant jet pressure ratio 
lines, POP1, show how the minimum mechanical power is 


required when the lowest jet pressures and highest 





temperatures are used. These are conditions of low mass 
flow ratio, WMWJ, and high discharge total temperature 
nenyio, TTST tw. 

It is generally desired that the jet air compressor and 
storage system be of minimum size, which requires higher 
jet pressures, Although this increases mechanical power 
requirements it results in a substantial increase in mass 
flow ratio. This reduces TT5Ti, hence, any downstream 
ducting will be cooler. These mass flow vs jet pressure 
relationships are presented as Figure le, in which it 
might be noted that heating the jet air results ina 
further increase in mass flow ratio. A typical reduction 
in TT5T% With increase in POPi (and WMWJ) is shown in 
Figure 13. These points are for optimum jet pumps only. 

Referring again to Figures 4 through 9, the plots of 
CPM vs CQM, each complete graph is for a particular CMA. 
The general trend of the compressor power requirements is 
upward as higher values of CMA are called for. Individual 
comparisons between constant pressure and constant area 
optimum jet pumps, as shown in these graphs, show how the 
Optimum constant pressure jet pump is superior when cold, 
TOTi1 = 1.0, but the optimum constant area jet pump becomes 
Superior when heated. As mentioned above, this optimum 
constant area jet pump occurs at the highest My*; whereas 
the optimum constant pressure jet pump occurs at different 
values of Mo*. It is not likely that one would handle 
induced air at the high Mo* values listed for the optimum 


LO 





jet pumps due to the high viscous losses on the walls in 
real flow. If constant pressure and constant area jet 
pumps are compared for the same M,*, the constant pressure 
jet pump is in general superior. The above graphs and 
techniques could be duplicated for any M.* desired to yield 
an excellent means of comparing different arbitrary jet 
PUMPS » 

Any particular limits on the jet pumps, such as TT5Ti, 
WMWJ, etc., can be easily impressed on the computer program 
so that only desired jet pumps are listed, The beneficial 
effect of jet air heating has been well indicated, so one 
might assume the highest temperature ratio which can be 
achieved will be used. The selection of the desired jet 
pump is considerably simplified by fixing these parameters, 
and when other engineering considerations, such as CMA and 
POP1, are more closely defined, the admittedly large numbers 
of jet pumps listed will be reduced substantially, making 
the optimum jet pump available for selection from this 
smaller family. 


V1 





5, Recommendations for further study. 

This study of the theoretical performance of heated 
jet pumps provides families of optimum jet pumps which are 
useful in judging the performance of real devices. Itis 
unfortunate that viscosity, which makes the jet pump 
possible, also causes Such substantial losses in perfor= 
mance. These viscous effects are not the subject of this 
study, but are certainly of interest. The losses are those 
associated with jet nozzle and wall friction on the one 
hand, and the jet air/induced air mixing processes on the 
other. Expressions could be developed which reflect these 
effects as a decrease in the total pressure available at 
the completion of mixing. These relationships would not be 
Simple, but when arrived at, the iterative techniques used 
for the constant area solution are directly adaptable to 
their inclusion. This ami permit direct comparison of 
CPM and CQM with other real jet pumps, and with optimun 
yet pumps. It would provide useful information for design 


and experimental work. 








6, Conclusions. 
a. The simplicity, reliability and light weight of the 


jet pump make it an attractive device with which to power a 
circulation control system on an aircraft. Despite the 
many details of configuration and operation, it is possible 
to express the essential characteristics of the heated jet 
pump in terms of three dimensionless coefficients, These 
define jet pump discharge momentum per unit area, CMA, the 
jet air compressor power vs momentum, CPM, and jet air heat 
energy vs momentum, CQM. 

b. The momentum per unit area, CMA, is a function only 
of the discharge total pressure ratio, PT5Pi, or alternate=- 
ly, the discharge velocity ratio, M>o*. It is entirely 
independent of heating. The compressor power requirements 
increase with increasing CMA. 

c. There exists a well defined combination of optimum 
parameters which will produce any required discharge 
momentum pe. unit area with nintmun power demand for any 
specified jet temperature ratio. This power demand is 
lowest at low pressure and high temperature. 

a d. In most cases, a given operating requirement can 
theoretically be met with lower power by employing the con-= 
stant area rather than the constant pressure configuration. 
For the constant area case, minimum power occurs at maximum 
induced velocities, corresponding to choked flow. This may 
be undesirable when viscous losses are taken into account. 
For the constant pressure case, choking is not a factor, and 
minimum power demand usually occurs at less than maximum 
induced velocity, the optimum velocity decreasing as temper-= 


atures are increased, 
13 
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Typical constant area mixing jet pump 


enthalpy/entropy diagram. 





it 








—— e 
a ee a NP pe SR le a ES a AAPM SEES RW 


ee ee 


Discharge total pressure ratio, Pt5P1, vs. Momentum 
Area Coefficient, CMA, and vs discharge velocity 
ratio Me 


Toa 
DL ware: 5... 


16 















Pom ).0 


CONSTANT PRESSURE 


Prs ; | 
i— = |, CMA =-442 
ae | ) | 


JoTl =2.0 Mx = opTIMuM 





ToT! = 30 
spe ae | 


Al ING i 
| SQ es 22)/9) i ; | 
SVT 















Con sz 


Constant pressure jet pump optimum performance, 
CPM vs CQM, for TOTi and POP! variation, 
PT5F1 = 1.1, Mo* = optinum 


Figure 4, 


17 


ee ee 0 











ed 
| 
16-4 — 
CONSTANT PRESSURE 
8 eee Presi. (CM A= 662) 








a TOT! = 4.0 My: Or hoy 


i ome- 3,0 
ToTI=4.0 
| i + on | = 500 : 
PoP! = 2.8 
| ~ POP! = 2.4 
a7 ae T= popr= 2. 












| 
7 Was 














opi = i: | 
YK Vp | __ 
| | 
| 
2 aL Ss aoe 
-_ 
—z . «fie 
Ja 
CPM |. 





wo Ze 
CQEM— 


Constant pressure jet pump optimum performance, 


CPM vs CQM, for TOT1 and POP1 variation, 
Por | = lees M,* = optimun 


18 








Tori + /,0 























| 





CONSTANT PRESSURE 











3 — |.3 (ema 856 ) 
ME = OPTIMUM 
* ie | 
C PM 
. y ec ee a 


2 
COU ae 


Constant pressure jet pump optimum performance, 
CPM vs CQM, for TOT1 and POP1 variation, 


Pisses = 1.549Mo = optimum 
Figure 6, 


f 
é 


Wy 





8 





























| 
POPI:2.9 —>— ToT! =1.0 CONSTANT KREA | | 


| me ae (ee 2) 
PoPl=24 P 





MY = OPTIMUM 
POP/=2.0 | 


ToTl =2.0 





























Ci) = 


Constant area jet pump optimum performance, 
CPM vs CQM, for TOT1 and POPi variation, 
Eee | = 1 ili M,* = optimum 


Figure 7. 


20 
























CONSTANT AREA 

i = + es 

PIF. 1.2 (CMA =.662 | 
| 


M¥= opTinuM 





: Tor!=3.0 
! 
ib | ToT! = 4.0 
ToT) 25.0 
\ POP)= 2.9 


\* Pre 2,4 
| «POP! = 2.0 















Oo) —— a cr ne ca 
ae 

mL ' aa : ; 

CPM 


-2 O 2 4 b 8 10 12 14 lb | 8 
Can 


Constant area jet pump optimum performance, 
CPM vs CQM, for TOTi and POF! variation, 


Ziel) = Vee; M,* = Op trnum 
a Figure 8, 


2 




































PoPl* 2.4 





a oa 
— POP] = 2.0 


PoPI =1.6 


= 


CONSTANT AREA 


ar 3 (CMA: 856 ) 


iM = gomm rut 


———— ee ter — — Se + 











Constant area jet pump optimum performance, 


CPM vs CQM, for TOTi and POF! variation, 
PIee| =.7.35, aly = optimun 


ae 





H 








| | 















ees Zak e 
PoPl* 2.4 
0 


PoPI = 4. 


PoP} =1.6 


PoP}= 1.2 


Typical constant area heated jet pump performance, 
CPM vs CQM, for Mo* end@eerl variatviom, PT5P!1 = 1.f, 


TOT! 


=— 30 


Figure 10. 


| 
| 
| 








e/ aes: 





20 


CONSTANT PRESSURE 
oe 11 (CMA =.442) 





Yy ~ 


% 
, 4 
2 
err 
J 
~ 2. O 2 4 
CO aa 


Typical constant pressure heated jet pump 
performance, CPM vs CQM for Mo* and POP! 
Variation, PISP1 = 7.1, TOTTI = 5.0 


Figure it. | 





24 





Soe ee eee 























a Prs_ (eas ote) 


M? =< opTIMNUM 


em re 





| | | | ¥ 
ieee ee gs | AS, ft 2.8 
P, 





Mass flow ratio ‘aL, WW 3) vs Jet total’ pressure 
ratio Pe eee) constant pressure (CP) and constant 
eee ok). PIoP| = 141 | 


Figure le ! 


e5 








Be I. (CMA= 2442) 


(c P) P= 9-0 . 











220 , (CA) i 30 
| 
| 
| | 
| 
1,0 


ane 2.0 a 2.3 
—— 
P, 


ee 


Discharge total temperature ra o (Tre, t1sT) vs 
jet total pressure ratio bs ) POPi) ' constant 
pressure (CP) and constant area (CA). 





_Figure 15. 


26 





BIBLIOGRAPHY 
1. F. G. Wagner, Design and Engineering Features for Flap 
Suction and Combined Blowing and Suction, BOUNDARY 
LAYER AND FLOW CONTROL, Vol. I, edited by 
G. V. Lachman, Pergamon Press, 1961. 
2. Ryan Designs BLO-7 Light Twin Airliner, By the Editors, 


Aviation Week and Space Technology, Pages 87-92, 
May el, 1962. 


3. H. B. Helmbold, Contribution to Jet Pump Theory, 
Report No. 294, University of Wichita, 1957. 


4, Ames Research Staff, Equations, Tables and Charts for 
Compressible Flow, NASA Report 1135. 


ef 





APPENDIX I 
DETAILED DEVELOPMENT 
{. Preliminary relationships. 

The preliminary relationships are those useful in the 
analysis of high speed flow of a perfect compressible fluid, 
as detailed in NASA Report 1135 /4/. All velocities are 
expressed in terms of M*, which is akin to, but not the same 
as Mach number, M. The difference lies in the use of a 
reference velocity, a*, based on total temperature. They 
relate so that at Mach One, a = a*¥, and M = M*. At other 
velocity ratios, a #4 a*, and M # M*, even though the product, 
aM = a¥M*, is the same in all cases. One useful aspect is 
that when air is expanded to zero temperature, M* Peres 
finite. All usual isentropic relations can be expressed in 


terms of the velocity ratio, M*. These are summarized below. 
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2. Performance coefficients. 
&@. Momentum Area Coefficient 
The ratio of the discharge momentum with respect to 


a reference momentum was previously defined as 
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substituting in the definition of CMA, the result is 


CMA = bts mf 
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It can be seen that CMA is a function only of 
the discharge total pressure which is demanded. Heating 
of the discharge due to the jet source air is not a factor. 

b. Compressor Power Coefficient 
The ratio of the power Supplied for the jet 


air by an isentropic compressor to the discharge momen%um 


is defined as 
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c. Heat Coefficient 
The ratio of the heat supplied to the jet air 


‘compared with the discharge momentum is 
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3. Solution of constant pressure mixing heated jet pumps. 





CQM = 


The constant pressure mixing process is treated first 
and an explicit solution is obtained. Certain paramaters 


are considered fixed, these are 


Pr the demanded total pressure ratio through 
P, the pump, discharge to ambient. 
tas the jet source air to ambient air total 
al temperature ratio. 
p the jet source air to ambient air total | 
Dp pressure ratio. — 
1 
wi the induced ambient air velocity ratio 
ie upon commencement of mixing. 


With these parameters defined, it is possible to 
commence the solution using the above relationships and the 
equations of continuity, momentum and energy. Initially, 
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and when the jet nozzle is not choking, 
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so that the Mach number of the jet nozzle is defined as 
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When the pressure ratios are such as to cause choking at 


the jet nozzle 
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The equations of continuity, conservation of momentum and 


conservation of energy are 
©) W + = i" (us Mi ae 
(4) WO M+ Gor ME + (RRA SOF ME ALY (RRA, 


It may be noted that the terms involving Pz and P, are only 
present in the choked nozzle case and in the mixing zone 
pressure gradient (constant area) case respectively. 


Taking Cy as constant 
(10) WT, + W To = fis Oy M* A, \%. 


solution of the equations of continuity and energy yhela 
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which is the total temperature ratio on completion of the 
mixing process, and as such, can show the maximum possible 
temperature of any downstream ducting. Under constant 
pressure mixing, the last.term in the momentum equation is 
dropped and the equations of continuity and momentum are 
employed to yield 
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The term indicated by D is associated with the choked jet 


nozzle and is defined as 
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By using the relationships 
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The above expressions for totel temperature are equated 








and solved for an expression in mass flow ratio. This is 


a quadratic in which the positive root is meaningful 
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With the mass flow ratio now defined, the discharge air 
total temperature ratio is immediately available. The 
ratio of the initial mixing zone area to jet nozzle area is 
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And the ratio of final mixing area to jet nozzle area is 
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Considering the isentropic diffusion of the discharge to 


ambient pressure 
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The discharge can be taken to sonic velocity to yield 
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Which makes available 
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4. Solution of constant area mixing heated jet pumps. 

The constant area mixing process introduces a 
pressure gradient in the mixing zone which complicates the 
problem. An explicit solution was not developed. It was 
felt desirable to ultimately fix the same parameters as in 
the constant pressure case, The problem was set up with 
an arbitrary area ratio to jet nozzle, and a solution was 
obtained. The total pressure ratio obtained, PT5Pi, is 


examined and the area ratio adjusted as a comsequence. 
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THE MASS RATIO \S 
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Which makes the discharge total temperature ratio avail- 


able through the equation of continuity and energy, so 
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The equation of continuity may be employed to show 
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= will be developed below and then substituted in this 
] 

continuity expression (34). Now, the full equation of 
momentum (9) and the equation of continuity (8) is employed 


as in the constant pressure case so that 
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In this case, the last term is that associated with the 





pressure gradient in the constant area mixing zone. 
ipeating this last term in &@ manner similar to D, it may 


be put in the form 
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Considering the complete equation, number (36) and 


rearranging 
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Substituting this relationship in the previous continuity 


expression, (34) 
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Which is tn standard quadratic form so that 
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This value is compared with the demanded discharge total 
pressure ratio, PTI5P1, and the area ratio, A2A3, varied in 
a systematic manner so that PT4P1 is equal to PT5Pi. 


Having achieved this, by continuity, 
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